




6DOLYD FRUWLVRO LV D SUDFWLFDO DQG XVHIXO QRQLQYDVLYH PHDVXUHPHQW
WKDW VLJQLILHV WKH SUHVHQFH RI WKH LPSRUWDQW KRUPRQH (OHFWULFDO
DFWLYLW\ LQ WKH MDZ PXVFOHV W\SLFDOO\ ULVHV ZKHQ WKH PXVFOHV DUH
PRYHG GXULQJ \DZQLQJ DQG WKH HOHFWULFDO OHYHO LV IRXQG WR EH
FRUUHODWHG ZLWK WKH FRUWLVRO OHYHO ,Q WZR VWXGLHV XVLQJ LGHQWLFDO
SDUDGLJPVDWRWDORIKHDOWK\VXEMHFWVZHUHH[SRVHGWR\DZQLQJ
SURYRNLQJ VWLPXOL VR WKDW WKHLU FRUWLVRO OHYHOV DQG HOHFWULFDO QHUYH
LPSXOVHV IURP WKHLU MDZPXVFOHVZDV UHFRUGHG(OHFWULFDODFWLYLW\ LV
KLJKO\FRUUHODWHGZLWKFRUWLVROOHYHOVLQKHDOWK\SHRSOH7KH+RVSLWDO
$Q[LHW\ DQG 'HSUHVVLRQ 6FDOH <DZQLQJ 6XVFHSWLELOLW\ 6FDOH
*HQHUDO +HDOWK 4XHVWLRQQDLUH GHPRJUDSKLF KHDOWK GHWDLOV ZHUH
FROOHFWHG DQG H[FOXVLRQ FULWHULD DSSOLHG IRU YROXQWDU\ UHFUXLWPHQW
FKURQLF IDWLJXH GLDEHWHV ILEURP\DOJLD KHDUW FRQGLWLRQ KLJK EORRG
SUHVVXUH KRUPRQH UHSODFHPHQW WKHUDS\ PXOWLSOH VFOHURVLV DQG
VWURNH6LJQLILFDQWGLIIHUHQFHVZHUHIRXQGEHWZHHQWKHVDOLYDFRUWLVRO
VDPSOHVIRUWKH\DZQHUVDVFRPSDUHGZLWKWKHQRQ\DZQHUVEHWZHHQ
UHVW DQG SRVWVWLPXOL 6LJQLILFDQW HYLGHQFH VXSSRUWV WKH 7KRPSVRQ
&RUWLVRO +\SRWKHVLV WKDW VXJJHVWV ULVHV LQ FRUWLVRO OHYHOV DUH
DVVRFLDWHG ZLWK \DZQLQJ (WKLFV DSSURYDO JUDQWHG DQG SURIHVVLRQDO
FRGH RI FRQGXFW FRQILGHQWLDOLW\ DQG VDIHW\ LVVXHV DUH DSSURYHG
WKHUHLQ

Keywords²&RUWLVRO 'LDJQRVLV 1HXURORJLFDO 'LVHDVH
7KRPSVRQ&RUWLVRO+\SRWKHVLV<DZQLQJ
, ,1752'8&7,21
257,62/ LV D QDWXUDOO\ RFFXUULQJ KRUPRQH LQ KXPDQV
WKDW LV FRQVLGHUHG LPSRUWDQW IRU LPPXQH SURWHFWLRQ DQG
VWUHVV UHJXODWLRQ >)LJ @ >@ >@ 0HDVXULQJ WKH OHYHOV RI
FRUWLVRO LV XVHIXO IRU PRQLWRULQJ VHYHUDO PHGLFDO FRQGLWLRQV
LQFOXGLQJFDVHVZKHUHKLJKOHYHOVRIVWUHVVDUHNQRZQDGUHQDO
LQVXIILFLHQF\ DQG SRVVLEO\ IRU FHUWDLQ QHXURORJLFDO GLVHDVHV
VXFK DVPXOWLSOH VFOHURVLV >@7KH OLQNEHWZHHQ DVVD\ OHYHOV
REWDLQHG YLD LQYDVLYH EORRG FROOHFWLRQ DQG QRQLQYDVLYH
VLPSOH VDOLYD VDPSOLQJ KDV EHHQ GRFXPHQWHG )RU H[DPSOH
VDOLYDU\ FRUWLVRO FRQFHQWUDWLRQKDVEHHQ VKRZQ WREHGLUHFWO\
SURSRUWLRQDOWRWKHVHUXPXQERXQGFRUWLVROFRQFHQWUDWLRQERWK
LQQRUPDOZRPHQDQGPHQ>@
,W LV UHFRPPHQGHG WKDW VDOLYDU\FRUWLVRO FROOHFWLRQ LVPRUH
DSSURSULDWH DV D PHDVXUH RI DGUHQRFRUWLVRO IXQFWLRQ WKDQ
VHUXP FRUWLVRO '\QDPLF WHVWV RI DGUHQDO IXQFWLRQ VXFK DV
GH[DPHWKDVRQH VXSSUHVVLRQDQG DGUHQRFRUWLFRWURSLFKRUPRQH
$&7+ ZHUH KLJKO\ FRUUHODWHG LQ QRUPDOV ZLWK DGUHQDO

6%17KRPSVRQLVZLWKWKH3V\FKRORJ\5HVHDUFK&HQWUHDQG'HPHQWLD
,QVWLWXWH %RXUQHPRXWK 8QLYHUVLW\ %+ %% 8. DQG 9LVLWLQJ &OLQLFDO










$DUGDO(ULNVVRQ HW DO >@ FRQFOXGH WKDW WKH PRUH
SURQRXQFHG FRUWLVRO UHVSRQVH LQ VDOLYD WKDQ LQ VHUXP DQG LWV
FORVHU FRUUHODWLRQ ZLWK $&7+ RIIHUV DGYDQWDJHV RYHU VHUXP
FRUWLVRO7KHVDWLVIDFWRU\SUHFLVLRQRIDQDO\VLVDQGWKHVLPSOH
QRQLQYDVLYHVDPSOLQJXVHGLQVDOLYDFRUWLVROFROOHFWLRQPDNHV
LW D YLDEOHSURFHGXUH DQG DSUDFWLFDO DSSURDFK >@ HVSHFLDOO\
ZKHQEORRGVDPSOLQJLVGLIILFXOWRUQRWDQRSWLRQ>@
7KH LPSRUWDQFH RI FRUWLVRO KDV EHHQ UHFRJQL]HG IRU VRPH
WLPH LQ ERWK SV\FKRORJLFDO DQG SK\VLFDO VLWXDWLRQV LQYROYLQJ
VWUHVVDQGSHUFHLYHGVWUHVV >@>@&XVKLQJ¶VV\QGURPHZDV
QDPHG DIWHU +DUYH\ &XVKLQJ D QHXURVXUJHRQ DW -RKQV
+RSNLQV +RVSLWDO ZKR ILUVW GHVFULEHG LW >)LJ @ ,W LV
PDQLIHVWHG E\ WRRPXFK FRUWLVRO RU VWHURLG LQ WKH EORRG DQG
FDQRFFXUIURPWDNLQJSUHVFULEHGVWHURLGIRUD ORQJSHULRGRI
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V\QGURPH FDXVHG RWKHU WKDQ E\ WDNLQJ SUHVFULEHG VWHURLGV
>@>)LJ@
L $ VPDOO WXPRU LQ WKH SLWXLWDU\ JODQG FDXVHV WRR PXFK
DGUHQRFRUWLFRWURSLF KRUPRQH RU $&7+ WR EH VHFUHWHG




FRUWLVRO DQGRFFXUV LQ WKHSUHVHQFHRI DQRUPDO SLWXLWDU\
JODQG7KLVDFFRXQWVIRUDERXWSHUFHQWRIFDVHV
LLL7KH UDUHVW V\QGURPH FDOOHG ³(FWRSLF$&7+6\QGURPH´
DFFRXQWV IRU DERXW  SHU FHQW RI FDVHV DQG LV GXH WR D
WXPRU O\LQJ RXWVLGH RI WKH SLWXLWDU\ JODQG RIWHQ LQ WKH
WK\PXV RU OXQJ WKDW FDXVHV WRR PXFK $&7+ WR EH









³PRRQ IDFH´ HDV\ EUXLVLQJ DUPV DQG OHJV DUH IUHTXHQWO\
FRYHUHGDEQRUPDOKDLUJURZWKIDFHDQGQHDUEHOO\EXWWRQLQ
ZRPHQ³%XIIDORKXPS´PRXQGRIIDWORFDWHGDWWKHEDVHRI
WKH EDFN RI WKH QHFN HGHPD OHJ VZHOOLQJ K\SHUWHQVLRQ
SXUSOHVWULDHVWUHWFKPDUNVZKLFKWHQGWRKDYHDSLQNUHGRU
SXUSOH FRORU GLDEHWHV WKLQQLQJ RI WKH VNLQ PRRG FKDQJHV
SOHWKRUD UHGGHQLQJ RI IDFH DQG FKHHNV PXVFOH ZHDNQHVV
RIWHQ FDXVLQJ WKLQQLQJ RI WKH OHJV DQG PHQVWUXDO
GLVWXUEDQFHVVXFKDVDPHQRUUKRHDRULUUHJXODUSHULRGV6RPH
RI WKHVH HIIHFWV FDQ OHDG WR RWKHU PHGLFDO SUREOHPV VXFK DV
SRO\F\VWLFRYDULDQV\QGURPH
'HVSLWHWKHNQRZOHGJHDQGXQGHUVWDQGLQJDERXWWKHHIIHFWV
RI WRR PXFK FRUWLVRO LQ WKH EORRG WKH FRQQHFWLRQ EHWZHHQ
FRUWLVRODQG\DZQLQJKDVRQO\UHFHQWO\EHHQHVWDEOLVKHGE\WKH
7KRPSVRQ&RUWLVRO+\SRWKHVLV 7&+ >@7KH\DZQ UHIOH[
ZDV SUHYLRXVO\ OLWWOH XQGHUVWRRG E\ QHXURORJLVWV DQG
QHXURVFLHQWLVWVDQGGHVSLWH+LSSRFUDWHVLQ%&GHVFULELQJ
WKH\DZQUHIOH[>@ WKH\DZQKDGQRWEHHQUHSUHVHQWHGDQG
UHSRUWHG XQWLO  LQ WHUPV RI WKH HOHFWURP\RJUDSK\
HPDQDWLQJ IURP WKH MDZOLQHPXVFOHV GXULQJ WKH \DZQ SKDVH
>@
([SDQVLRQ RI WKH 7&+ LQ  >@ KDV HQDEOHG IXUWKHU
H[SORUDWLRQ RI WKH SDWKZD\V LQYROYHG GXULQJ \DZQLQJ >@
>@>@ZLWKWKHSURSRVDOWKDWFRUWLVROLQFRQMXQFWLRQZLWK
WKH \DZQLQJ UHIOH[ PLJKW SURYLGH D SRWHQWLDO ELRPDUNHU IRU
WKHHDUO\GHWHFWLRQRIQHXURORJLFDOGLVHDVH>@
3UHGLFWRUV RI GLVHDVH DUH QRW QHZ DQG ELRLQIRUPDWLFV LV
LQFUHDVLQJO\ LPSRUWDQW WR RXU XQGHUVWDQGLQJ RI GLVHDVH
SURJUHVV DQG IRU HDUO\ GHWHFWLRQ DQG WUHDWPHQW 'LVHDVH
SUHYDOHQFHUDWHV>@PRGHUDWLQJIDFWRUVDQGHDUO\LGHQWLILHUV
>@ >@ WRJHWKHU ZLWK FOLQLFDO FDVH KLVWRULHV >@ DOO
FRQWULEXWH WRRXU VFLHQWLILFNQRZOHGJHRI WKH LPSRUWDQFH DQG
UROHV WKDW JHQHV QHXURWUDQVPLWWHUV DQG KRUPRQHV SOD\ LQ
GLVHDVHSUHVHQFHDQGSURJQRVLV
:KLOVW VWLOO SUHVHQWLQJ DV D FRQXQGUXP WKH PHFKDQLVP
EHKLQG\DZQLQJLVEHFRPLQJFOHDUHUZLWKHYLGHQFHRIDVWURQJ
OLQN EHWZHHQ FRUWLVRO \DZQLQJ DQG IDWLJXH ,Q PXOWLSOH
VFOHURVLV IDWLJXH LV D FRPPRQ V\PSWRP WRJHWKHU ZLWK
H[FHVVLYH \DZQLQJ GXH WR H[HUWLRQ ERWK SK\VLFDOO\ DQG
PHQWDOO\ 6FLHQWLVWV KDYH GLVFRYHUHG WKDW EUDLQ WHPSHUDWXUH
ULVHV ZLWK IDWLJXH DQG SDUWLFXODUO\ LQ SHRSOH ZLWK PXOWLSOH
VFOHURVLV>@>@
,W LV QRZ WKRXJKW WKDW ULVHV LQ FRUWLVRO HOLFLW WKH \DZQLQJ
UHVSRQVHZKLFKLQWXUQUHJXODWHEUDLQWHPSHUDWXUHDQGSUHYHQW
WKHEUDLQIURPRYHUKHDWLQJ>@>@$VHULHVRIVWXGLHVOHG
E\ WKH DXWKRU DQG KLV WHDP DW%RXUQHPRXWK8QLYHUVLW\8.
KDYHGHWHUPLQHG WKDW\DZQLQJ LVVLJQLILFDQWO\FRUUHODWHGZLWK
FRUWLVRODQG WKDW WKHHOHFWULFDOQHUYH LPSXOVHVJHQHUDWHGIURP
MDZOLQHPXVFOHVXSRQ\DZQLQJ DUH DOVRFRUUHODWHGZLWK WKH





6WXG\ ,Q D UDQGRPL]HG FRQWUROOHG WULDO PDOH DQG
IHPDOH YROXQWHHUV DJHG  \HDUV ZHUH H[SRVHG WR
FRQGLWLRQV WKDW SURYRNHG D \DZQLQJ UHVSRQVH GXULQJ ZKLFK
VDOLYD VDPSOHV ZHUH FROOHFWHG DW WKH VWDUW DQG DJDLQ DIWHU
\DZQLQJRUDW WKHHQGRIVWLPXOLSUHVHQWDWLRQV LQ WKHFDVHRI
WKRVHSDUWLFLSDQWVZKRGLGQRW\DZQ>)LJ@
7KH HOHFWULFDO QHUYH LPSXOVHV ZHUH DGGLWLRQDOO\ FROOHFWHG
GXULQJ UHVW DQG DW \DZQLQJ SKDVHV RU DIWHU WKH VWLPXOL




World Academy of Science, Engineering and Technology
International Journal of Medical, Health, Biomedical, Bioengineering and Pharmaceutical Engineering Vol:10, No:4, 2016 


























































SHUPLVVLRQ DFFRUGLQJ WR VWDQGDUGL]HG SURWRFROV ([FOXVLRQ








IHPDOHYROXQWHHUV VSDQQLQJDVOLJKWO\ ODUJHUDJH UDQJHRI
 \HDUV ZHUH UDQGRPO\ DOORFDWHG WR H[SHULPHQWDOO\








6WXG\  7KHUH ZDV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH
VDOLYD FRUWLVRO VDPSOHV IRU WKH \DZQHUV W    S  
 DQG IRU WKH QRQ\DZQHUV W    S   
+RZHYHU IRU WKH \DZQHUV WKH FRUWLVRO OHYHOV DIWHU \DZQLQJ
ZHUHVLJQLILFDQWO\KLJKHUWKDQIRUWKHQRQ\DZQHUV7KHUHZDV
D VLJQLILFDQW GLIIHUHQFH LQ (0* UHDGLQJV EHWZHHQ \DZQHUV
DQGQRQ\DZQHUVW S 
6WXG\  7KHUH ZDV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH









&OHDU HYLGHQFH LQ VXSSRUW RI WKH 7KRPSVRQ &RUWLVRO
+\SRWKHVLV ZDV IRXQG WRJHWKHU ZLWK UHSUHVHQWDWLRQ RI WKH
\DZQUHIOH[LQWHUPVRIWKHHOHFWULFDOQHUYHLPSXOVHVREWDLQHG
IURP WKH MDZOLQH PXVFOHV GXULQJ WKH \DZQ SKDVH ,W LV




7KH K\SRWKDODPXV LV LPSOLFDWHG LQ WKH K\SRWKDODPXV
SLWXLWDU\DGUHQDO +3$D[LV VLQFH LW UHJXODWHV EUDLQ
WHPSHUDWXUH >)LJ @ %\ UDLVLQJ FRUWLVRO OHYHOV \DZQLQJ LV
HOLFLWHG DQG VLJQDOV WKH UHGXFWLRQ LQ K\SRWKDODPLFUHJXODWHG
EUDLQ WHPSHUDWXUH &RQYHUVHO\ ORZHULQJ FRUWLVRO OHYHOV VWRSV






7KH DXWKRU LV OHDGLQJ D WHDP RI QHXURVFLHQWLVWV LQ WKH8.
DQG LQ )UDQFH WKDW DUH LQYHVWLJDWLQJ FRUWLVRO \DZQLQJ DQG
LQGXFHG IDWLJXH LQSHRSOHZLWKPXOWLSOH VFOHURVLV ,W LVKRSHG
WKDW ILQGLQJV IURP I05, VWXGLHV RQ PHQWDO DQG SK\VLFDO
IDWLJXH HPSOR\HG LQ WKLV QHZ VHULHV RI LQYHVWLJDWLRQV PD\
GHWHUPLQH WKH EHVW FRPELQDWLRQ RI ELRPDUNHUV IRU HDUO\
GLDJQRVLV
8VLQJ FRUWLVRO DQG H[FHVVLYH \DZQLQJ DV D SRWHQWLDO
ELRPDUNHUIRUWKHHDUO\GHWHFWLRQRIGLVHDVHLVXQLTXHDQGLWLV
SRVVLEOH WKDW VHYHUDO PHGLFDO FRQGLWLRQV WKDW DUH GHSHQGHQW
XSRQFRUWLVRO OHYHO UHJXODWLRQDQG WKDWPDQLIHVWZLWKVLJQVRI
IDWLJXHFRXOGSRVVLEO\EHQHILWIRUH[DPSOH$GGLVRQ¶VGLVHDVH
DGUHQDO LQVXIILFLHQF\ FKURQLF IDWLJXH&XVKLQJ¶V V\QGURPH
PXOWLSOH VFOHURVLV P\DOJLF HQFHSKDORP\HOLWLV 0( DQG
VWUHVVUHODWHGFRQGLWLRQV
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